Revealing hydrologic variations in the past is helpful to understand the dynamic changes and evolution of a given water body. The widespread long-lived spruce forests growing in the mountainous area around Issyk Lake in Central Asia provide a good opportunity for dendrohydrologic studies about that lake. A regional tree-ring width chronology developed for Picea schrenkiana was used to reconstruct 345-year annual runoff for Issyk Lake. Based on frequency of the wettest/driest years and decades, the 20th century was identified as having the most frequent hydrologic 
INTRODUCTION
Water provides the basics of food supply and productive environment for organisms. There are more than 6,000 lakes with a total area of 12,300 km 2 in Central Asia (Savvaitova & Petr ) . Lakes are believed to be not only important water resources in this region but also sensitive indicators of climate change and regional environment variations (Mason et al. ) . Under the combined influences of climate change and human activity, inland lakes in Central Asia have dramatically changed, leading to a series of ecological disasters in recent decades (Stanev et al. ; Cretaux et al. ; Bai et al. ) . Thus, understanding the dynamic distribution and evolution of a given lake in that arid and semi-arid area is meaningful to evaluate the influences of climate change and human activity and to reduce losses caused by hydrologic variations. variations of runoff and water level of this lake based on instrumental records (Wang et al. ; Salamat et al. ) and remote sensing data (Li et al. ; Cheng et al. ) .
However, no more than 140 years of data hardly describe water variations over centuries. Thus, proxy data are needed to extend our knowledge of hydrologic variability over centuries on seasonal or annual timescales. As one of the best of proxy data sources, tree-ring data are frequently used in evaluating the relationship between tree growth and streamflow change, extending hydrologic records worldwide. This is because they allow precise dating, annual resolution, Given the above, the purposes of this study were to: (1) develop a tree ring width-based regional chronology for the mountainous area of Issyk Lake; (2) reconstruct runoff variations for the lake beyond the period covered by observed data; (3) explore variation of the runoff reconstruction; (4) compare with other reconstructions to assess hydroclimatic signals inherent in the runoff reconstruction. Information regarding sampling sites is provided in Table 1 , such as location, elevation, and maximum tree age. The oldest tree at the KAZ001 site was nearly 432 years old.
MATERIALS AND METHODS

Study area and sample collection
Tree-ring data and chronology developments
According to normal dendrochronological techniques (Speer ) , the sampled tree-ring cores were dried naturally and mounted on a wooden plank with grooves. Then, all individual detrended ring-width series were combined into a single chronology by computing a bi-weight robust mean. Eventually, standardized, residual and autoregressive standardized tree-ring chronologies were obtained.
Reliability of the tree-ring chronology was evaluated by an expressed population signal (EPS) and mean series inter-cor- Table 2 .
Hydrometeorological data
For further analyses, we selected monthly precipitation and mean temperature of the gridded 2.5 × 2. 
Statistical analysis
Linear testing was used to evaluate trends of hydrometeorological data. Pearson correlation was used to explore strengths of hydrologic and climatic signals inherent in the tree-ring width chronology from pine trees in the study area. The significance level of correlation coefficients was evaluated by the two-tailed test. After confirming the strongest relationship between tree-ring width and observed data, a linear regression model was used for reconstruction. We used Bootstrap (Young ), Leave- 
RESULTS AND DISCUSSION
Hydrometeorological data analysis 
Correlation analysis
Monthly and annual precipitation, temperature, and runoff of the previous July-December and current January-September during 1935-2000 were selected to evaluate how climatic and hydrologic elements influenced the radial growth of spruce trees around Issyk Lake.
Correlation coefficients of tree-ring chronology and hydrometeorological data are listed in Table 3 . Figure 4 indicates that the relationship between ring width and precipitation was generally positive, and significant correlation coefficients were found for July (r ¼ 0.31), August 
Runoff reconstruction and stability tests
Based on the correlation coefficient between the radial growth of spruce in the study area and annual runoff for the period 1935-2000, we reconstructed annual runoff for Issyk Lake using the regional chronology. A linear regression model was used to describe the relationship between the tree-ring chronology and runoff. The model was designed as follows:
where R is annual runoff for Issyk Lake and RCC is the Figure 5(c) ).
Characteristics of runoff reconstruction
For the runoff reconstruction, we defined a wet year using (Table 8) . These records allow four of the 10 wettest years (1804, 1924, 1994, and 1999 ) and three of the 10 driest years (1917, 1961, and 1997) in the RIL to be compared with the historical records. 
CONCLUSIONS
A 345-year long regional tree-ring width chronology was developed using 250 cores from 139 spruce trees in the mountainous area of Issyk Lake. Because there was a large correlation coefficient between hydrologic data and the radial growth of sampled trees, it was possible to develop an annual runoff reconstruction for Issyk Lake using this regional chronology.
The characteristics of annual runoff reconstruction showed that the 20th century had the three wettest and three driest years, and the four wettest and three driest decades. It also had the largest hydrologic fluctuations for the lake in the last three centuries. After applying a 21-year moving average, seven wet periods were identified, i.e., 1680 -1693 , 1717 -1760 , 1782 -1789 , 1828 -1836 , 1872 -1903 , 1926 -1964 , and 1983 -2004 . Six periods, 1694 -1716 , 1761 -1781 , 1790 -1827 , 1837 -1871 , 1904 -1925 , and 1965 -1982 Kazakhstan revealed that the coherence of these reconstructions in the high-frequency domain is stronger than in the low-frequency domain. Thus, the newly reconstructed runoff series could accurately capture some flood (1804, 1886, 1924, 1994, and 1999) and drought events (1808, 1829, 1917, 1961, and 1997 ) noted in the meteorological records and other tree ring-based hydroclimatic reconstructions.
